Purpose We describe a case of a term parturient previously clinically diagnosed with hypermobility type Ehlers-Danlos syndrome (EDS) but later diagnosed with a genotype that may be associated with vascular type EDS. Clinical features This 26-yr-old primigravida had been clinically diagnosed with hypermobility type EDS prior to her pregnancy. Nevertheless, subsequent genetic testing during pregnancy revealed a heterozygous variant of unknown significance in the COL3A1 gene causative for vascular type EDS. A multidisciplinary decision was made to prioritize the phenotype rather than the genotype in regard to clinical management of labour. An induced labour was planned with instrument-assisted vaginal delivery. We elected to proceed with placement of an epidural catheter for provision of labour analgesia and anesthesia during delivery. Both maternal and neonatal outcomes were excellent. Conclusion The risk of severe morbidity and mortality in parturients with vascular EDS has warranted recommendations for modified management of labour, particularly regarding mode and timing of delivery. Nevertheless, a multidisciplinary approach and consideration of phenotype rather than genotype alone were instrumental in the successful management of this patient. Genetic testing of patients who display features of EDS and/or who have a positive family history of the disease is important in the preparation for labour and delivery. In the absence of convincing signs of vascular EDS and a negative family history, it may be rational to offer certain parturients neuraxial anesthesia and a trial of vaginal labour.
anesthesia during delivery. Both maternal and neonatal outcomes were excellent. Conclusion The risk of severe morbidity and mortality in parturients with vascular EDS has warranted recommendations for modified management of labour, particularly regarding mode and timing of delivery. Nevertheless, a multidisciplinary approach and consideration of phenotype rather than genotype alone were instrumental in the successful management of this patient. Genetic testing of patients who display features of EDS and/or who have a positive family history of the disease is important in the preparation for labour and delivery. In the absence of convincing signs of vascular EDS and a negative family history, it may be rational to offer certain parturients neuraxial anesthesia and a trial of vaginal labour. Ehlers-Danlos syndrome (EDS) is a heterogeneous disease characterized by varying types and severity of tissue dysfunction secondary to abnormal collagen production. 1 The classification of EDS has been revised multiple times in past decades. The most recent nosology, known as the Villefranche classification, considers the biochemical and molecular basis of disease along with clinical manifestations in the categorization of syndrome subtype. Currently, six major subtypes of EDS are recognized, each containing their own respective major and minor diagnostic criteria. 1 Nevertheless, there appears to be a growing database of families exhibiting non-classical and even conflicting genotypic and phenotypic diagnoses of hypermobility and vascular type EDS, 2, 3 which challenges the most recent classification system. Each subtype of this rare connective tissue disorder can pose a multitude of challenges for the anesthetic and obstetrical management of pregnant women delivering vaginally or via Cesarean delivery. In general, all types of EDS predispose the affected women to pelvic pain, hypermobility, higher rates of preterm delivery, perineal lacerations, and postpartum hemorrhage. 4 Vascular type EDS has the potential for severe morbidity and mortality owing to these patients' propensity to vascular and visceral tissue fragility. 5 Mode of delivery and type of anesthesia remain controversial, and little guidance exists as to how best to counsel and manage a parturient with a conflicting genetic and clinical picture.
Résumé
We describe a case of a parturient clinically diagnosed with hypermobility type EDS prior to pregnancy but found to have a variant of unknown significance in the COL3A1 gene causative for vascular type EDS. This situation posed a unique challenge as regards assisting in the anesthetic management of her labour in the midst of this conflicting genetic and clinical picture. We received patient consent for publication of this case report.
Case report
A 26-yr-old primigravida in her 39 th week of gestation was referred to the Obstetrical Anesthesia consult service by our Maternal Fetal Medicine inpatient service. She was diagnosed with hypermobility type EDS two years prior to her pregnancy after she presented with concerns of joint pain and hypermobility primarily in her shoulders and knees. Her Beighton score, a common physical examination tool for evaluation of hypermobility, was 9/ 9; 1 however, she did not undergo genetic testing at that time. Review of her medical history did not reveal any evidence of typical EDS complications, such as skin thinness or fragility, poor wound healing or wide atrophic scarring, vascular friability and bleeding, or major vessel and hollow viscous dysfunction. Her family history did not reveal any formal diagnosis of EDS, but her mother and a maternal aunt were identified as having similar manifestations of joint hypermobility. She had an otherwise relatively unremarkable medical history and had received uncomplicated general anesthetics for minor surgical procedures in the past. Because of this reassuring medical history, genetic testing was not deemed urgent and was performed only in the third trimester of pregnancy to rule out a diagnosis of vascular EDS. The testing instead identified a genetic change/variant in the COL3A1 gene associated with vascular type EDS but of uncertain biological significance for which she was heterozygous. In particular, this variant represented an amino acid change from lysine to arginine in the C-terminal domain in exon 50 of the COL3A1 gene. The common pathogenic changes for collagen proteins are typically in the glycine backbone, which was not the case with this patient. 3 Although she had been clinically diagnosed with hypermobility type EDS and displayed phenotypic characteristics consistent with this disease subtype, her genetic variant was possibly consistent with the vascular subtype. Transthoracic echocardiography results did not reveal any cardiovascular abnormality.
We were asked to be involved in the care of this patient upon her admission to the high-risk antepartum unit for a planned induced labour. An induced labour with instrumental delivery was planned to facilitate a shortened second stage. As this patient would inevitably require dense sensory blockade for the instrumented delivery, we elected to place an epidural catheter for provision of labour analgesia and anesthesia during delivery. After disclosing the potential risks of the procedure and receiving the patient's informed consent, an epidural was placed at L3-L4. After a negative test dose (2% lidocaine 3 mL), a loading dose of 0.125% bupivacaine 10 mL with fentanyl 50 lg was given. The patient subsequently received patient-controlled epidural anesthesia with 0.0625% bupivacaine with fentanyl 2 lgÁmL -1 (bolus, 5 mL; lockout interval, ten minutes; continuous infusion, 10 mLÁhr -1 ; maximum 20 mLÁhr -1 ) and eventually a top up with 2% lidocaine 10 mL for forceps delivery. The delivery and both maternal and neonatal outcomes were uneventful.
Discussion
This case report highlights the importance of consideration of both phenotype and genotype in the risk assessment and management of a pregnant woman with EDS.
Ehlers-Danlos syndrome is characterized by a spectrum of heritable connective tissue disorders that can affect the skin, ligaments, joints, blood vessels, and internal organs. 6 The six major subtypes in the Villefranche classification system differ based on phenotypic presentation, but they are largely under the umbrella of a group of mutations affecting collagen proteins or the enzymes involved in their production and modification. 5 The type of collagen that is affected will produce a typical phenotypic syndrome with an expected pattern of tissue involvement and clinical presentation. Each respective syndrome has its own diagnostic criteria. Classical EDS is the most common subtype and is generally characterized by skin laxity, joint hypermobility, and widened atrophic scars. 7 Hypermobility type EDS is characterized by skin laxity, velvet skin, and joint hypermobility. 7 Vascular type EDS is characterized by typical facies, thin translucent skin that easily bruises, and the risk of arterial and hollow viscous rupture. Major and minor criteria used in the diagnosis of these conditions and a comprehensive list of EDS subtypes and their clinical features are listed in the Table. 7 Vascular EDS is caused by a mutation in the COL3A1 gene that codes for type III collagen; it has a prevalence of about 1/90,000, but this estimate is likely low. 8 It is an autosomal dominant disorder with 50% of mutations transmitted parentally and 50% being de novo mutations. 9 Depending on the type of genetic mutation, phenotypic presentation can range from no symptoms to those with severe vascular problems and early mortality. 6 Affected patients typically present in late adolescence, and the median survival is 48 yr.
2,10 Vascular events do not usually occur in the newborn period or childhood. 10 When compared with the other subtypes of EDS, the vascular type has largely been recognized as having the worst prognosis due to vessel/organ rupture and its associated early mortality. 6, 11 Vascular fragility can lead to disproportionate bleeding and bruising and is often an early presenting feature. 6 Due to the risk of bleeding and hematoma formation, elective surgical interventions of any type are discouraged if an alternative conservative measure is available.
Pregnancy in the setting of EDS can be especially challenging. While hypermobility type EDS carries a relatively benign course and poses little added risk in pregnancy, mortality rates in parturients with vascular EDS have been estimated at 12-25%. 9 Labour, delivery, and the postpartum period carry the highest risk. 8 Risks associated with vaginal delivery in vascular EDS include bowel and/ or uterine rupture, extensive perineal trauma, and severe bleeding. 5 Risks associated with Cesarean delivery include bleeding, visceral injury, and delayed wound healing. Both delivery modes carry specific risks associated with the choice of anesthetic technique. 5 Current literature regarding the most appropriate method of delivery and provision of anesthesia in EDS is sparse and generally limited to case reports. Overall, recommendations against the provision of neuraxial anesthesia in vascular type EDS have been made in light of the theoretical risk of spinal hematoma formation. 3, 5, 12 Some have also recommended early delivery at 32-34 weeks gestational age via Cesarean delivery under general anesthesia. 13 Given the above discussion, we considered our patient to be in a very unique clinical situation -i.e., if we managed her condition based on the considerations of her hypermobility phenotype, we might put her at risk of potential complications from her potentially significant vascular genotype. Due to the high risk of morbidity and mortality, previous case reports have highlighted the concept of presymptomatic testing as regards asymptomatic patients with a positive family history of vascular EDS. In a case report described by Naing et al., 9 the decision to recommend a normal course of labour for a pregnant woman with a family history of vascular EDS was dependent on the results of her presymptomatic genetic testing. The parturient in this case was in fact negative for vascular EDS, allowing the healthcare providers to recommend a term vaginal delivery as opposed to a Cesarean delivery earlier in her pregnancy. Although not specific to vascular type EDS during pregnancy, another case report has documented the uneventful nephrectomy and carotid revascularization of a patient who had a genetically positive vascular type EDS diagnosis but little evidence of clinical disease. 11 It is with this rationale that we proceeded with decision-making pertaining to our patient's reassuring clinical features rather than her uncertain genetic finding.
As gene mutation analyses continue to progress and become more refined, novel mutations are continuously being identified, even prompting the suggestion that further subtypes of EDS need to be defined. 13 Certain COL3A1 heterozygous null mutations have been identified that appear to have reduced penetrance with a less severe phenotype.
14 Our patient's variant did not fall into a described genetic category, which left us unable to draw definitive conclusions about her phenotype; however, it does appear that her clinical course was not typical of vascular EDS. The biological significance of her variant remains unknown, as it differs from pathogenic mutations that typically occur in the glycine backbone of collagen proteins. The genetics team involved during her admission agreed with the clinical diagnosis of hypermobility type EDS and suspected that this alteration may be a benign familial variant or that this variant may be significantly less deleterious. Thus, the previously noted recommendations for the management of the parturient with vascular type EDS did not seem particularly relevant in this rare situation.
In summary, this case highlights the importance of a multidisciplinary approach to peripartum decision-making in the setting of EDS. Further research regarding such rare variants and their clinical significance is required in order to make definitive clinical recommendations. Clinical assessment of the patient, family history, and patient age at the time of clinical presentation of vascular EDS should also be considered when making clinical decisions. Overall, genetic testing of patients who display features of EDS and/ or who have a positive family history of the disease is important in the preparation for labour and delivery due to the potential for catastrophic complications. Nevertheless, in the absence of family history and convincing phenotypic signs of vascular EDS, it may be rational, after informed consent, to offer neuraxial anesthesia and a trial of vaginal labour to certain asymptomatic parturients.
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